SCALE6.2.1 was released in 2016 and has been used worldwide. It includes new AMPX multigroup format files (AMPX MG libraries) of ENDF/B-VII.0 and ENDF/B-VII.1 and a new nuclear data processing code AMPX-6, which produces AMPX MG libraries. Thus we have produced an AMPX MG library (neutron 200 groups and gamma 47 groups) of JENDL-4.0 in order to disseminate JENDL-4.0. Neutron and gamma spectra inside a sphere of 1 m in radius with a 20 MeV neutron source at the center were calculated with ANISN and the iron experiment at JAEA/FNS was analyzed with DORT, in order to validate the AMPX MG library of JENDL-4.0. As a result, it was verified that the AMPX MG library of JENDL-4.0 had no problems except for the self-shielding correction which is a common problem in AMPX MG libraries.
Introduction 1
There are two major multigroup (MG) format files of nuclear data libraries. One is a MATXS file [1] , the other is an AMPX MG file [2] . The MATXS file can be produced with the NJOY [1] code and several MATXS files of the JENDL [3] , ENDF/B [4] and JEFF [5] nuclear data libraries have been released [6] . On the other hand, it is not so easy to produce AMPX MG files (AMPX MG libraries) because a processing tool for AMPX MG files is not completely released so far. In 2016, the SCALE6.2.1 code system [2] was released and has been used worldwide. It includes new AMPX MG libraries of ENDF/B-VII.0 [7] and ENDF/B-VII.1 [4] and a new nuclear data processing code AMPX-6 [8] , which produces AMPX MG libraries.
At ISORD5 we pointed out that the self-shielding correction in VITAMIN-B6 [9] (AMPX MG library of ENDF/B-VI.3 [10] ) was not adequate [11] as briefly described in Sec. 2. One of reasons of this problem is related to a weighting function adopted in AMPX MG files. We are interested in whether current AMPX MG libraries resolve the problem on the self-shielding correction.
Thus we produce an AMPX MG library of JENDL-4.0 [3] (AMPX MG J40) in order to disseminate JENDL-4.0 and examine whether AMPX MG files can correct the self-shielding effect adequately or not by using AMPX MG J40. *Corresponding author. Email: konno.chikara@jaea.go.jp
Overview of VITAMIN-B6 problems
VITAMIN-B6 is an AMPX MG library of ENDF/B-VI release 3, the group structure of which is 199 groups for neutron and 42 groups for gamma. The problems in VITAMIN-B6 have been reported in Ref. 11 in details. Here they are explained briefly by using a simple calculation.
The calculation model is shown in Figure 1 ; a natural iron sphere of 1 m in radius with an isotropic neutron source of 17.332-19.64 MeV (the first group in VITAMIN-B6). Neutron spectra in the sphere were calculated with a one-dimensional Sn code ANISN [12] and a multigroup library produced from VITAMIN-B6 by using the SCAMPI [13] code. Two more calculations were carried out for comparison. One was another ANISN calculation with a multigroup library produced from FENDL/MG-1.1 [14] , which was a MATXS file of FENDL-1.1 [15] and iron data of which were taken from ENDF/B-VI, by using the TRANSX2 [16] code. The other was a reference calculation with the Monte Carlo code MCNP4C [17] and the official ACE file [17] of ENDF/B-VI. Figure 2 shows the calculated neutron spectra at the distance of 60 cm from the center of the iron sphere. The neutron spectrum with ANISN and VITAMIN-B6 is by at most 50 % larger than that with MCNP, while that with ANISN and FENDL/MG-1.1 agrees with that with MCNP.
Our detailed investigation on VITAMIN-B6 specified that the following two problems caused the above discrepancy in the neutron flux. 1) The smallest background cross section of 1 barn is larger than that (0.2 barn) required for natural iron.
where C(E) is a smooth part, σ t is the total cross section and σ 0 is the background cross section, is adopted, not the weighting function of C(E)/(σ t +σ 0 ) ℓ +1 , where ℓ is a Legendre expansion order. The problem 1) is only for VITAMIN-B6, but all AMPX MG files have the problem 2) because they are produced by using the weighting function of C(E)/(σ t +σ 0 ). Note that MATXS files do not have the problem 2) because they are produced by using the weighting function up to C(E)/(σ t +σ 0 ) 2 . The same calculation as Figure 2 was carried out by using multigroup libraries of W 1 (E)=W 0 (E) [abnormal usage in TRANSX2] and W 1 (E)≠W 0 (E) [normal usage in TRANSX2] produced from the MATXS file in Figure 2 in order to specify the effect of the problem 2). Figure 3 shows the effect of the weighting function in the neutron spectra at 60 cm from the iron sphere center. The neutron spectrum with the MATXS file of W 1 (E)=W 0 (E) is different from that with the MATXS file of W 1 (E)≠W 0 (E), which agrees with that with MCNP. It is noted that the effect of the problem 2) is rather large.
How to produce AMPX MG J40
The AMPX-6 code in SCALE6.2.1 was used to produce AMPX MG J40. The specifications of AMPX MG J40 was almost the same as those of V7.1-200N47G [2] in SCALE6.2.1, which are as the followings, 1) group structure : neutron 200 groups, gamma 47 groups, 2) smooth part of weighting function : a Maxwellian -1/E -fission -1/E spectrum for neutron and a 1/E spectrum for gamma except for actinides, where the neutron part is a PWR spectrum, 3) Legendre polynomial expansions of scattering cross sections : P 5 order, 4) background cross section [barn] :
Nuclei ≤ 90 Y : 10 8 , 10 6 , 10 5 , 10 4 , 10 3 , 10 2 , 10, 1,10 -6 , Nuclei ≥ 90 Zr : 10 8 , 10 6 , 10 5 , 2x10 4 , 10 4 , 5x10 3 , 2x10 3 , 10 3 , 640, 320, 160, 120, 80 60, 40, 30, 29 15, 10, 8, 6, 4, 2, 1, 0.01, 10 -6 , 5) temperature [K] : 293, 600, 900, 1200, 2400. Because the PWR spectrum for actinides in the smooth part of the weighting function in V7.1-200N47G was not opened, we also used the smooth part of the weighting function for actinides in AMPX MG J40. The problem 1) in VITAMIN-B6 does not occur because the lowest background cross section is 10 -6 barn.
Input data of AMPX-6 were generated with an auxiliary code ExSite [8] in AMPX-6. ExSite has a GUI interface as shown in Figure 4 and ExSite generates full input data of AMPX-6 from basic data as shown in Figure 4 . The processing flow of AMPX-6 is shown in Figure 5 . The main processing functions of AMPX-6 are similar to those of NJOY. All the nuclei of JENDL-4.0 were automatically processed by using a UNIX shell-script. In order to verify the input data and procedure, several nuclei in ENDF/B-VII.1 were also produced (AMPX MG B71).
Verification of input data and procedure
Neutron and gamma spectra inside a sphere of 1 m in radius with an isotropic neutron source of 19.64 -20 MeV (the first group of neutron 200 group) at the center as shown in Figure 1 were calculated with ANISN and multigroup libraries produced from V7.1-200N47G and AMPX MG B71 by using SCALE6.2.1 to verify the input data and procedure of AMPX-6 for AMPX MG J40. Figure 6 shows the result of an iron sphere, where the self-shielding effect is large. In Figure 6 the calculated neutron and gamma spectra with AMPX MG B71 agree with those with V7.1-200N47G very well. Figure 7 shows the result of a protactinium sphere, where the smooth part of the weighting function is different between V7.1-200N47G and AMPX MG B71. The calculated neutron and gamma spectra with AMPX MG B71 are slightly different from those with V7.1-200N47G. It is considered that the small difference comes from the different smooth part of the weighting function.
It is verified that the input data and procedure of AMPX-6 for AMPX MG J40 have no problems. 
Self-shielding correction test
In order to examine the self-shielding correction in AMPX MG libraries, the iron shielding experiment [18] at the Fusion Neutronics Source (FNS) facility in Japan Atomic Energy Agency (JAEA) was analyzed with a two-dimensional Sn code DORT [12] and AMPX MG J40. Figure 8 shows the experimental configuration of the iron experiment. Neutron spectra and reaction rates of dosimetry reactions were measured inside the iron slab. This experiment was analyzed with a two-dimensional Sn code DORT [12] and AMP MG J40. A MATXS file of JENDL-4.0 produced with NJOY was also used for comparison. Moreover a calculation with MCNP4C and the official JENDL-4.0 ACE file (AceLibJ40) [19] was carried out as a reference because the self-shielding correction was automatically done in MCNP calculations. Figure 9 shows the measured and calculated neutron spectra at the depth of 410 mm inside the iron slab. The neutron spectra calculated with DORT and AMPX MG J40 is different from the measured one and calculated ones with DORT and the MATXS file, and MCNP and AceLibJ40. It is concluded that the self-shielding correction in AMPX MG libraries is still inadequate.
Conclusion
An AMPX MG library of JENDL-4.0 was produced with AMPX-6 in order to disseminate JENDL-4.0. The specifications of the AMPX MG library were the same as those of V7.1-200N47G, except for the smooth part of the weighting function. From test calculations with a simple model and an analysis of the iron experiment at JAEA/FNS, it was confirmed that the AMPX MG library of JENDL-4.0 had no problem except for the self-shielding correction. It is noted that the insufficient self-shielding problem in AMPX MG libraries, which was pointed out before, still remains. AMPX MG J40 will be released through JAEA website for SCALE users. 
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